The objective of this study was to determine and compare the fatty acid profile of milk fat, with particular reference to cis-9, trans-11 conjugated linoleic acid (CLA), in two indigenous Romanian sheep breeds (Spanca and Turcana), irrespective of the effects of diet and season. The ewes (n = 25 for each breed) received the same feed (total mixed rations) and were maintained under identical conditions. Four samples were collected from each individual ewe to determine fatty acids (FA), as methyl esters, using gas chromatography. The fatty acid groups, namely saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) acids were examined together with individual acids. Differences have been obtained between the two local breeds for the majority of FA. Fat in the milk of Turcana ewes has a healthier fatty acid profile than that of Spanca breed which has a lower concentration of SFA (60.9 vs. 73.3%) and higher concentrations of MUFA (31.0 vs. 21.0%) and PUFA (8.06 vs. 5.61%, respectively). Compared with the Spanca breed, fat in the milk of Turcana ewes had higher concentrations of trans-11 C18:1, C18:1 n9c, and cis-9 trans-11 CLA (2.67 vs. 1.01%, respectively). Δ 9 -desaturase activity is breed specific; vaccenic acid (trans-11 C18:1) desaturation and its conversion into cis-9, trans-11 CLA were more intense in the Turcana breed ewes. In conclusion, breed has a strong effect on the FA composition of ewe milk fat, and on cis-9, trans-11 CLA, in particular. The results obtained, support the sustainable use of animal genetic resources to improve the milk fat quality of ewes.
Introduction
Manipulation of the fatty acid profile of milk fat with the help of dietary and physiological factors can benefit human health. N-3 polyunsaturated fatty acids (n-3 FA) and conjugated linoleic acid (CLA) have proved beneficial to human health, contributing to a better neurological function, prevention of cardiovascular diseases, prevention of certain forms of cancer, and to a stronger immune system (Pfeuffer & Schrezenemeir, 2000; Sretenovic et al., 2009) . The principal source of CLA in human diets is meat and milk from ruminant animals, since rumenic acid (RA), which is the main isomer of CLA, is produced from the ruminal biohydrogenation of linoleic acid (C18:2) and from endogenous conversion in the mammary gland and other tissues of vaccenic acid (VA, .
Studies have shown that the fatty acid profile of ewe milk fat makes this milk particularly important to consumers, due to its positive effects on human health (Babayan & Rosenau, 1991; Haenlein, 2002 , Sretenovic et al., 2009 . Nevertheless, there have been rather few studies carried out on the milk fatty acid profile of ewes; most studies being done on cow's milk. In addition, the majority of studies have focused primarily on the effect of diet on the fatty acid profile of milk fat (Addis et al., 2005; Mele et al., 2007; Gomez-Cortes et al., 2008; De La Fuente et al., 2009; Tyagi et al., 2010) , the effect of physiological factors (e.g. breed, parity, stage of lactation) being less studied (Mihaylova et al., 2004; Tsiplakou et al., 2006; Gerchev & Mihaylova, 2009) . Similarly, little information is available on the fatty acid profile of local ovine breeds' milk (Signorelli et al., 2008; Talpur et al., 2009) .
Milk obtained from indigenous Romanian sheep breeds is used primarily to make traditional cheeses such as "telemea" and "brânză de burduf", which are highly appreciated by consumers and have a high market value. The remarkable quality of traditional cheeses is linked to milk fat content and fatty acid profile, as the number of volatile compounds that result from their degradation during maturation give specific aromas and savour (McSweneey, 2004; Mele et al., 2007) . No previous data on the FA composition of milk fat of Spanca and Turcana breeds were found in the literature.
In several studies carried out to determine the milk fatty acid profile in various ovine breeds, the ewes were maintained on different farms and their diet was pasture-based during the duration of the experiments. Such feeding practices do not ensure results that can be compared, at least between breeds, because recent studies have shown that differences in pasture management, in the botanical composition of pastures and in the vegetative stages of plants, can affect the fatty acid composition of ewe milk fat (Cabiddu et al., 2003) .
The goal of our study was to determine and compare the fatty acid profile of milk fat in two indigenous Romanian sheep breeds (Spanca and Turcana), irrespective of the effects of diet and season.
Materials and Methods
The study was conducted at the Oradea University Experiment Station (Romania) on two groups of 25 ewes each, with group I consisting of Spanca breed ewes and group II of Turcana breed ewes. The ewes were selected from private flocks, and both groups were balanced in respect of parity, body weight, date of lambing and breeding conditions (Table 1) . SD -standard deviation.
The study was conducted after lamb weaning, between April and July. The animals were managed according to guidelines comparable to those laid down by the Animal Ethics Committee (2009). In order to eliminate the confounding influences of diet (changes in pasture composition during the grazing period), season and farm management on milk fatty acid profile, the two ewe groups were kept in an enclosed facility as a single flock, under standard feeding conditions that were not pasture-based. The ewes were fed a total mixed ration (TMR) diet consisting of hay, maize silage and concentrates ( Table 2 ). The final diet forage/concentrate ratio was 60 : 40. This diet eliminated any influence of nutritional factors on the results of the experiment and it also met the nutritional needs recommended for lactating ewes (Cannas, 2002) .
Milk samples were collected four times during lactation, on the same day for all ewes, following the regulations of the International Committee for Animal Recording (ICAR) on collecting milk samples for milk quality analysis and FA gas chromatographic analysis. The samples were collected once a month from April to July, to cover the lactation period of the two local breeds. Thus, four samples for analysis were obtained from each ewe (n = 100 for each breed). Each sample was divided into two parts, one for chemical analysis and the other one for fatty acid determination.
Milk samples were kept in 100 mL containers and preserved with two tablets of Bronopol (BroadSpectrum Micro-tabs II, D&F Control Systems Inc., USA). The samples were refrigerated at 4 °C (for 24 h) before being analyzed for fat, CP (N x 6.38) and total solids. The analysis was performed using a near-infrared spectroscopy analyzer (NIRS Systems 5000, Foss Electric A/S, Hillerød, Denmark). Calibration was checked using the AOAC (1990) reference methods.
Milk fatty acid content was assayed as follows: the fat fraction was separated by centrifugation (15 min at 9000 rpm and 4 °C) and then stored at -20 °C. Milk FA samples were analyzed after extraction of milk fat samples and methylation (Palmquist & Jenkins, 2003) . Milk fat samples (60 mg) were dissolved in 1 mL of benzene, which was followed by esterification using 2 mL of 0.5N sodium methoxide in methanol (50 °C for 10 min) and 3 mL of 100 mL/L methanolic HCl (80 °C for 10 min). After addition of 1 mL of heptane and 7 mL of 60 g/L K 2 CO 3 and centrifugation, the top solvent layers were transferred to a Pyrex glass tube, 1 g of Na 2 SO 4 was added, and the samples were centrifuged (6000 x g and 4 °C). The clear layers containing the FA methyl esters were transferred to a tube and stored at -20 °C until analysis. Separation and quantification of methyl esters was carried out using a gas chromatograph (Hewlett Packard Co., model 5890) equipped with a flame ionization detector and capillary column (CP-Sil-88; 100 m x 0.25 mm i.d. with 0.20 µm of capillary thickness; Varian Inc., Palo Alto, CA, USA). The column parameters were as follows: initial column temperature was kept at 70 °C for 2 min; increased 15 °C/min to 160 °C (held at this temperature for 25 min), then increased at 3 °C/min to 225 °C (held at this temperature for 15 min). Individual FA were identified by comparison of retention times with those of pure standards (Sigma-Aldrich Quimica, Madrid, Spain) and expressed as percentages of the total FA detected as FA methyl esters. Retention times of CLA and isomers of C18:1 FA were checked by co-elution of samples with commercial preparations (Matreya Inc., State College, PA, USA) of these FA. Before analysis, the data on the fatty acid profile of milk fat was processed to calculate the content of the saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA), and in the case of PUFA the n-6/n-3 ratio was calculated according to Ellis et al. (2006) . The following parameters were also calculated: Δ 9 -desaturase ratios according to Kelsey et al. (2003) as product of Δ 9 -desaturase/(product of Δ 9 -desaturase + substrate of Δ 9 -desaturase); and the atherogenicity index according to Chilliard et al. (2003) , thus (C12:0 + 4 x C14:0 + C16:0)/(MUFA + PUFA).
The data obtained was statistically analyzed by an ANOVA using SAS (SAS Inst. Inc., Cary, NC, USA) for significant F-statistics. If the overall F-test was significant (P <0.05), a Fisher's t-test was performed to discern differences between the breeds.
Results and Discussion
A number of studies (Haenlein, 2002; Addis et al., 2005; Tsiplakou et al., 2006; Signorelli et al., 2008) have demonstrated that breed effects milk yield and its components in ewes. The data in Table 3 confirm the fact that after lamb weaning, Turcana ewes yielded more milk (687.8 vs. 531.3 g/day; P <0.05), and that the daily fat and protein yield were higher (P <0.05) than that of Spanca ewes (47.1 vs. 35.6 g/day, and 35.3 vs. 27.1 g/day, respectively).
No previous data on the FA composition of milk fat of Spanca and Turcana breeds were found in the literature. In recent literature it is evident that only Signorelli et al. (2008) and Talpur et al. (2009) have studied the effect of breed on milk fatty acid profile in ewes. Most studies have focused on determining the effect of diet on the fatty acid profile of milk fat. Assessing the effect of breed on the fatty acid composition of milk fat was not considered a priority. This can be explained by the fact that each breed, and indigenous ones in particular, are of interest only in the geographical area where they are raised. The findings on the milk fatty acid profile for the two breeds, and the calculated values for the fatty acid groups, the n-6/n-3 FA ratio, Δ 9 -desaturase ratios and atherogenicity index are shown in Table 4 . We have found differences in milk fat compositions both in the saturated FA group (73.3 and 60.9% of the total FA in Spanca ewes vs. Turcana ones; P <0.01) and in the unsaturated FA group (26.7 and 39.1% in Spanca vs. Turcana; P <0.01). A smaller proportion of SFA in the milk fat of Turcana ewes seems to be beneficial to human health due to their negative role in atherosclerosis (Pfeuffer & Schrezenmeir, 2000) .
Similar findings to ours, on the FA groups in milk fat, have been reported in Altamurana and Gentile di Puglia (Italy) indigenous sheep breeds by Signorelli et al. (2008) in Karakachan breed (Bulgaria) by Mihaylova et al. (2004) and in Kooka and Kachi breeds (Pakistan) by Talpur et al. (2009) . A greater proportion of SFA was found in the milk fat of the Lacaune breed by Bouattour (2007) and in that of the Sarda breed by Addis et al. (2005) and Cabiddu et al. (2006) . All these coincide with the findings of Kay et al. (2005) in cow breeds, which show that selection for milk yield elevated the SFA proportion in the fatty acid profile of milk fat.
Within the SFA group, palmitic acid (C16:0) and myristic acid (C14:0) had the highest proportions in both breeds' milk fat, with values between 24.1 to 26.3% and 8.9 to 12.4%, respectively, of the total FA. In the local breeds studied by us, milk fat stearic (C18:0) and butyric (C4:0) acids reached lower values (7.8 to 7.8% and 1.7 to 1.9%, respectively, of total FA) than those reported by Mihaylova et al. (2004) ; Addis et al. Signorelli et al. (2008) and Talpur et al. (2009) (10.6 to 14.7 and 3.3 to 4.4%, respectively, in various sheep breeds). The differences can be partly explained by differences in fodder intake, by variations in the acetyl-CoA carboxylase activity and of other enzymes involved in de novo saturated fatty acid synthesis in the mammary gland (Bernard et al., 2005) , but also by increased de novo PUFA lipogenesis in the mammary cells (Chilliard et al., 2003) .
There have been recorded differences (P <0.05) between Spanca and Turcana breeds for most SFA (Table 4) , especially for those ones that have a higher proportion in the FA composition of milk: palmitic, myristic, capric, lauric, caprylic and caproic acids. All these saturated FA had a lower proportion in the milk fat obtained from the Turcana breed vs. the Spanca breed. The differences recorded between the two breeds, mainly those in C14:0 and C16:0, might influence significantly the characteristics of the cheeses obtained, as Engels et al., (1997) discovered that volatile organic compounds (VOCs), like methyl ketones and 0.01 0.14 0.06 ** ns *** SD = standard deviation. FAME -Fatty acids methyl esters; CLA -conjugated linoleic acid; MUFA -monounsaturated fatty acids. PUFA -polyunsaturated fatty acids. 1 ** P <0.05; ***P <0.01; ns = non-significant at P >0.05. secondary alcohols in cheese, result from the lipolysis of myristic and palmitic acids. Significant differences in milk fat palmitic, myristic and capric acid proportions between various sheep breeds have also been reported by Bouattour (2007) Talpur et al. (2009) (Kachi vs. Kooka) .
From the data presented in Table 4 it is clear that the sum of MUFA was higher (P <0.01) in the milk of Turcana ewes than that of Spanca ewes (31.0 vs. 21.0% of the total FA). The MUFA concentration in Turcana ewes' milk was comparable with that reported by Bouattour (2007) for Lacaune and Mancheg breeds, and higher than that mentioned in the scientific literature for other breeds (Mihaylova et al., 2004; Signorelli et al., 2008; Talpur et al., 2009) .
The isomers of oleic acid (C18:1) in milk fat showed differences (P <0.01) between the two breeds. Both vaccenic acid (trans-11 C18:1; TVA) and the C18:1 n9c isomer had higher proportions in the milk fat of Turcana ewes than in that of Spanca ones (59.7% higher and 45.6% higher, respectively). The TVA recorded in the Spanca breed is comparable to that mentioned for other breeds in the scientific literature (Mihaylova et al., 2004; Bouattour et al., 2007) , but the one obtained for the Turcana breed (5.8% of the total FA) is much higher, being comparable to that obtained in Lacaune breed ewes by supplementing their diet with soybean oil (5.4 to 5.7% of the total FA) (Bouattour et al., 2007) . The higher trans-11 C18:1 concentration in milk can be explained by decreased rumen biohydrogenation of PUFA. This idea is supported by a lower stearic acid proportion, which is the end product of biohydrogenation of TVA (Tsiplakou et al., 2006) . Thus, the premise is created that elevating the concentration of CLA, as TVA in the mammary gland, via Δ 9 -desaturase, it is converted into rumenic acid (RA; cis-9, trans-11 C18:2), which is the most important isomer of CLA (Chilliard et al., 2003) .
Differences (P <0.01) were also recorded in milk polyunsaturated FA content, with a higher level in Turcana ewes' milk fat (8.1 vs. 5.6% of the total FA). PUFA values in milk fat are comparable to those mentioned in the literature, sometimes even lower (Mele et al., 2006; Bouattour, 2007; Signorelli et al., 2008) . These differences are the result of diet, as in all these studies the ewes' diets were either pasture-based or supplemented with various fat sources. Pasture-based diets or fat sources added to ewes' diets elevate the PUFA proportion in milk fat (Addis et al., 2005; Valvo et al., 2006) . Our experimental design eliminated the confounding effects of diet, as the ewes were not pasture-fed and were not given fat supplements. Even under these conditions the PUFA levels in Turcana ewes' milk fat were clearly higher than those mentioned in literature for other breeds (Sarda, Lacaune, Tsigay).
The mean proportions of linoleic acid (C18:2 n-6) did not differ between the two breeds and are comparable to data in literature (e.g. Valvo et al., 2006; Signorelli et al., 2008) .
In this study particular attention was given to the n-3 FA and CLA content of milk fat, due to the beneficial effects of these FA on human health (Sretenovic et al., 2009) . The values recorded for α-linolenic acid (C18:3 n-3; ALA), which has the highest proportion in the n-3 FA group, do not differ between the two breeds (P >0.05). This fatty acid is primarily of dietary origin, its concentration in milk depending on its quantity in the rumen (De La Fuente et al., 2009) . However, Komprda et al. (2000) determined increased levels of α-linolenic acid (1.0 to 1.3%) in the milk fat of crossbreds of Czech Pied x Ayrshire x Red Holstein cattle.
The n-6/n-3 FA ratio did not differ for the two breeds (4.36 for Spanca breed and 4.39 for Turcana), but it was very close to the n-6/n-3 FA ratio recommended for the human diet (2:1 to 4:1; Sretenovic et al., 2009 ) and comparable to that quoted in literature for the fat in cow milk (4.7:1; Ellis et al., 2006) or in that of ewes (3.87 -4.47 : 1; Bouattour, 2007) .
Breed had a significant effect on the cis-9, trans-11 CLA concentration in milk fat, the highest values being recorded in Turcana ewes (2.67 vs. 1.01% of the total FA; P <0.01). A strong correlation was recored between TVA (trans-11 C18:1) and cis-9, trans-11 CLA in milk fat, on the one hand, and cis-9, trans-11 CLA and the Δ 9 -desaturase ratios (Table 4) , on the other hand; these correlations concur with the findings reported by Kay et al. (2005) in cow milk fat. The Δ 9 -desaturase enzyme acts at the level of the mammary gland and it introduces a double bond with a Δ 9 specificity, and in this way it converts vaccenic acid (trans-11 C18:1; TVA) into a conjugated linoleic acid isomer, that is, rumenic acid (cis-9, trans-11 C18:2; RA). The higher level of cis-9, trans-11 CLA in the milk fat of Turcana ewes is due to an increased Δ 9 -desaturase activity, which is shown by a higher Δ 9 -desaturase ratio (0.31 vs. 0.21; P < 0.01), but also to a higher TVA supply in the rumen. Data reported by Cabiddu et al. (2006) for Δ 9 -desaturase activity (RA/TVA+RA) in Sarda ewes was lower than those obtained by us or those reported in previous studies by Talpur et al. (2009) . In addition, the TVA/CLA ratio in milk (3.58 in Spanca and 2.15 in Turcana ewes) suggests that in Turcana ewes a higher amount of TVA was converted into RA through desaturation; vaccenic acid being the precursor of rumenic acid, which represents over 90% of the total CLA (Luna et al., 2005) . This supports the hypothesis of a breed-specific regulation of Δ 9 -desaturase activity. According to Jahreis et al. (1999) , CLA levels are the highest during the grazing period of ruminants and also higher in sheep's milk than in the milk of other species. Even in the case of a diet that was not pasture-based, the cis-9, trans-11 CLA level in Turcana ewes' milk fat was higher than that mentioned in the literature (e.g. 1.61% in Sarda ewes; 0.83% for Kooka breed; 0.50 to 0.53% in Lacaune and Awassi ewes).
The cis-9, trans-11 CLA content in milk fat varied significantly in individual ewes, the variation being confirmed by high S.D. values.
Effects of breed on milk fat CLA content have been reported previously both in cows (White et al., 2001; Pesek et al., 2005) and in ewes (Mihaylova et al., 2004; Talpur et al., 2009 ), but were not confirmed by Tsiplakou et al. (2006) , who studied milk CLA content in four sheep breeds that were maintained under identical feeding conditions.
Milk fat is usually considered to be proatherogenic, mainly because of the presence of a large amount of saturated fatty acids (mainly lauric, myristic and palmitic acids). The atherogenic index is a criterion for the level and interrelation of some fatty acids that may have atherogenic properties. In our study we determined that the atherogenic index had lower values (P <0.01) in Turcana ewes' milk fat than in that of Spanca ewes (1.67 vs. 3.11). This may be related, for example, to the increased concentration of cis-9, trans-11 C18:2 CLA, which is now described as having antiatherogenic properties (Cieslak et al., 2010) .
Conclusions
In this study significant differences in most FA between the two local breeds were evident. This demonstrates that breed markedly affects the FA profile in ewes' milk fat, with particular reference to cis-9, trans-11 C18:2, which is considered beneficial to human health. Turcana breed ewes' milk fat has a healthier fatty acid profile than that of Spanca breed ewes, characterized by a lower content in saturated FA (60.9 vs. 73.3%; P <0.01) and a higher content in polyunsaturated FA (8.06 vs. 5.61%; P <0.01), and especially in cis-9, trans-11 CLA (2.67 vs. 1.01%; P <0.01). These results support the sustainable use of animal genetic resources to improve ewe milk fat quality.
